NIXON & VflNDERHYE PC Fax:703-815-4100 



May 17 2005 14:49 



P. 08 



/867 711 ^"^^^^^ 2380.893 

:>enal No. 09/867.71 1 ^^t Unit: 2664 

AMENDMENTS TO THE CLAIMS: 

This listing of claims wiU replace all prior versions, and listings, of claims in the 
application: 

1. (Currently Amended) ^ecuaeae vA freoueacv tracking device (FID) for a 
receiver <RG>of a multi-carrier communication system-(MG-S^, for evaluating and 
correcting frequency deviations (foff) which are introduced into multi-carrier symbols 
when being transnutted between a transmitter multi-carrier filter bank (1;IFrT)and 
receiver multi-carrier filter bank-(SfFFf), comprising: 

a) a selector (SED-adapted to receive a set of N complex data symbols output 
by the receiver multi-carrier filter ban k(8;FFT) and N channel coefficients (C ) 
coiresponding to each sub-carrier as estimated by a channel estimator (43>^f said 
receiver (RC), where N is the number of used sub^carriers in the multi-carrier system 
(MC SYS), and adapted to select, on the basis of the N channel coefficients (C ) a 
number M of sub-cairiers corresponding to the M chaimel coefficients (C J having the 
largest absolute values, where M<N; 

b) an evaluator <EVAfc>-adapted to determine, on the basis of the M selected, 
sub-carriers and their conesponding M channel coefficients (C,,,), an estimate (f^^J of 
the frequency deviation (f^^ introduced into the multi-carrier symbols; and 

c) a corrector ( gORRl; C0RR2) for correcting tiie frequency deviation 
introduced into tiie multi-carrier symbols on the basis of the determined frequency 
deviation estimate (f „ ) 



2, (Currentiy Amended) feeq^eae vA freq uencjr tracking device (FI©>-accordiug 
to claim 1, 

wherein 
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said selector {SEfc)-adaptively adjusts the number M at adjustment time intervals 
including at least one multi-carrier symbol duration. 

3. (Currenay Amended) fteqaefieyA frequency tracking device <FF&)-accoixiing 
to claim 1, 

wherein 

said corrector (CORRl; CORIU) i ncludes a first correction unit (CORRl) 
arranged upstream the receiver multi-carrier filter bank ^and adapted to rotate each 
received multi-cairier symbol with a different phase shift depending on the frequency 
deviation estimate (f^„^^) and the sample index (k) within the multi-carrier symbol. 

4. (Previously Presented) PreqaefleyA frequency tracking device ^FF^according 
to claun 1-^, wherein 

said corrector (C QRRl; CORRl ^includes a second coirection unit (CORRa) 
arranged downstream of the receiver multi-carrier filter bank and adapted to rotate all 
data symbols output by the receiver multi-camer filter bank with the same phase shift 
depending on the frequency deviation estimate (f ). 

5. (Currentiy Amended) FroqucncyA frequency tracking device (TO^-according 
to claim 4, 

wherein 

said second correction unit ( C0 RR2 ) performs a correction of the same set of N 
data symbols which are subjected to the selection by said selector-eSEt). 

6. (Currently Amended) FfeqtieneyA frequency tracking device <FI©^according 
to claim 1 , 

wherein 
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said corrector (CORRl; C0RR3) includes: 

a first correction unit (CORRl) arranged upstream the receiver multi-carrier filter 
bank (8fand adapted to rotate each received multi-carrier ssonbol with a different phase 
shift depending on the frequency deviation estimate (f^^ J and the sample index (k) 
within the multi-cairier symbol; and 

a second correction unit (CORR2) arranged downstream of the receiver muhi- 
canier filter bank ^md adapted to rotate all data symbols output by the multi-cairier 
filter bank ^wlth the same phase shift depending on the frequency deviation estimate 



7. (Currently Amended) Frequono v A frequency tracking device (FTP) accordmg 
to claim 1, 

wherein 

said evaluator (EVAL) i s adapted to carry out a decision directed evaluation for 
said M sub-carriers. 



8. (CurrenUy Amended) Froquono vA frequency tracking device 6Fi©>-accordiug 
to claim 1, wherein 

said evaluator (EVAL) i s adapted to carry out a pilot carrier aided evaluation for 
said M sub-carriers. 



9. (Currently Amended) Froquonev A frequency tracking device (FTP) according 
to claim 1, wherein 

said evaluator (EVAL) i s adapted to carry out a combination of a decision directed 
evaluation and a pilot carrier aided evaluation for said M subcarriers. 



-9- 

PA6E 10/22 ' RCVD AT mm 2:46:S6 PM [Eastern Daylight Time] ' SVR:USPT0-EFXRF-1/4 ' DNIS:8729306 ' CSID703 8ia 4100' DURATION (min-s$):0M(f3s 



NIXON & VflNDERHYE PC Fax:703-816-4100 



May 17 2005 14:51 



P. 11 



MATHEUSetal AttvDkf 2380,8Q'? 

SerialNo. 09/867,711 1™ ^l^''' 



10. (Cuiiently Amended) Frccmen e Y A frequency tracking device (FTP) according 
to claim 1, 

wherein 

the number of selected sub-carriers is M=N/4 to M=:N/3 where N is the number of 
used subcarriers. 



11 

receiver 



1 . (Currently Amended) ^^weee vA frequency tracking device (FTP) for a 
_ ■(R€)-of a multi-carrier communication syste m (MC SYS) , for evaluating and 
correcting frequency deviations (f^) which are introduced into multi-carrier symbols 
when being transmitted between a transmitter multi-canier filter bank (^;lFFD-and 
receiver multi-carrier filter bank-^SfHPF^, comprising: 

a) an evaluator ^EVAJ5)-adapted to receive a set of N complex data symbols 
output by the receiver multi-carrier filter bank-(8^^q^ and N channel coefficients (C ) 
corresponding to each sub-carrier as estimated by a channel estimator (12>of said 
receiver (RC), where N is the number of used sub-carriers in the multi-carrier system 
(MCSYS), and to determine, on the basis of N sub-carriers and their conesponding N 
channel coefficients (C J, an estimate (f ^ J of the frequency deviation (foff) introduced 
into the multi-carrier symbols, where N is the number of sub-carriers used in the 



transmitter; 



b) a corrector <€ORR l ; CORR2) f or correcting the frequency deviation 
introduced into the mulU-carrier symbols on the basis of the determined frequency 
deviation estimate (f^f ); and 



c) wherein said corrector ( - eORRl ; C0RR2) comprises a corrector unit 
(C0RR2) arranged downstream of the receiver multi-carrier filter bank ^and adapted to 
rotate all data symbols output by the receiver multi-carrier fiher bank ^with the same 
phase shift depending on the frequency deviation estimate (f ). 
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12. (Currently Amended) Froquono vA frequency tracking device disaccording 
to claim 11, 

wherein 

said corrector (CORRl; C0RI13) further includes a coirection unit (CORRl) 
arranged upstream the receiver multi-carrier filter bank ^and adapted to rotate each 
received multi-canier symbol with a different phase shift depending on the frequency 
deviation estimate (f^^^ J and the sample index (k) within the multi-carrier symbol. 

13. (Currently Amended) Pfeq««te vA frequency tracking device (PPB^-according 
to claim 1 1 , further comprising 

a selector ^SEt).adapted to receive a set of N complex data symbols output by the 
receiver multi-carrier filter bank-(S-^ and N channel coefficients (C^^) coiresponding 
to each sub-camer as estimated by a channel estimator 03>of said receiver (RC), where 
N is the number of used sub-carriers in the multi-carrier system (MCSYS), and adapted 
to select, on the basis of the N channel coefficients (C J. a number M of sub-caniers 
corresponding to the M channel coefficients (C J having the largest absolute values, 
where M<N; and wherem 

said evaluator (EVAL) is adapted to determine, on the basis of the M selected sub- 
carriers and their corresponding M channel coefficients (C ,). an estimate (f ) of the 

est ^ off,flct'' 

frequency deviation (foff) introduced into the multi-carrier symbols. 

14. (Previously Presented) Receiver <RG^of a multi-carrier communication system 
(MC SYS), comprising reception means (RM) for receiving multi-canier symbols 
transmitted from a transmitter (TR) via a ti-ansmission channel, a receiver multi-carrier 
filter bank for converting said multi-canier symbols into complex data symbols, a data 
symbol sink for receiving said data symbols and a frequency tracking device d¥D>-in 
accordance with claim Innn n rmnrn nf ni.i i in ^nr ni ' m o r e o f c laimj 11 13 . 
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15. (Currently Amended) A multi-cairier communication system (MC SYS), 
comprising at least one transmitter (TR) including a data symbol source (i-3)-generating 
complex data symbols, a transmitter multi-cairier filter bank f*)-for generating multi- 
cairier symbols from said complex data symbols and a transmission means (TR>.for 
transmitting said multi-carrier symbols onto a transmission channel-<6). and at least one 
receiver <R€>-in accordance with claim 14. 

16. (Currently Amended) A method for evaluating and coirecting frequency 
deviations (foff) which are introduced into multi-carrier symbols when being transmitted 
between a transmitter multi-cairier filter bank (d; IFFT) and receiver multi-carrier filter 
baok-^S^FFF), comprising the steps of: 

a) determining-(S4-S2), in a receiver {RG>K)f a multi-cairier communication 
system- (MC SYS j, a set of N complex data symbols output by the receiver multi-canier 
filter bank-(S^FFF) and N channel coefficients (C J corresponding to each sub-carrier as 
estimated by a channel estimator f45)-of said receiver-<R^, where N is the number of 
used sub-carriers in the multi-carrier system (MCSYS); and 

b) selecting-(S^, on the basis of the N channel coefficients (C^), a number M 
of sub-carriers corresponding to the M channel coefficients (C^p having the largest 
absolute values, where M<N; 

I c) determining-(S4^, on the basis of the M selected sub-carriers and their 

corresponding M channel coefficients (CJ, an estimate (f^^^p of the frequency 
deviation (foff) introduced into the multi-carrier symbols; and 

I d) correctmg(S5fthe frequency deviation introduced into the multi-carrier 

symbols on the basis of tiie determined frequency deviation estimate (f ) 

17. (Currently Amended) A method according to claim 16, 
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wherein 

said coirection step ^S5>-includes a first correction (€QRR1) carried out upstream 
a receiver multi-carrier filter bank <8>-in which each received multi-cairier symbol is 
rotated with a different phase shift depending on the frequency deviation estimate (f^^J) 
and the sample index (k) within the multi-carrier symbol. 

18. (Currently Amended) A method according to claim 16, 
wherein 

said correction step (S5)-includes a second correction (CORRa) -carried out 
downstream a receiver multi^anier filter bank ^in which all data symbols output by 
the receiver multi-carrier filter bank (8).are corrected with the same phase shift 
depending on the frequency deviation estimate (f „ ). 

19. (Cuirently Amended) A method according to claim 16, 
wherein 

said correction step (S4>-iiicludes: 

a first correction ^GORlUfcarried out upstream a receiver multi-cairier filter bank 
^in which each received multi-carrier symbol is rotated with a different phase shift 
depending on ttie frequency deviation estimate (f^^^) and the sample index (k) within 
the multi-carrier symbol; and 

a second correction (CORR2) carried out downstiream a receiver multi-carrier 
filter bank {8)-in which all data symbols output by the receiver multi-carrier filter bank 
m-ate corrected with tiie same phase shift depending on the frequency deviation estimate 

20. (Currently Amended) A method for evaluating and correcting frequency 
deviations (f^) which are inttoduced into multi-carrier symbols when being transmitted 
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between a transmitter multi-carrier filter bank (4imFT -)-and receiver multi-carrier filter 
bank-^SH^T), comprising the steps of: 

a) determimng-(S4irSa^, in a receiver (RG^of a multi-earner communication 
system-^4€^S¥^, a set of N complex data symbols output by the receiver multi-carrier 
filter bank-(gr^ and N chaimel coefficients (CJ conesponding to each sub-camer as 
estimated by a channel estimator {i2^{ said receiver-(RG). where N is the number of 
used sub-carriers in the multi-carrier system (MCSYjS), and 

b) determining (S3^ S 41 ) . on the basis of N sub-carriers and their 
corresponding N chamiel coefficients (C J. an estimate if^,,J of the frequency deviation 
(foff) introduced into tiie multi-carrier symbols, where N is the number of sub-carriers 
used in the transmitter; and 

c) correcting ^S5i>-the frequency deviation (f^) introduced into tiie multi- 
carrier symbols on the basis of flie determined frequency deviation estimate (f )• and 

^ wherein said conection step {S^comprises a correction (C0RR2) earned 
out downstiream of the receiver multi-carrier filter bank ^in which all data symbols 
output by the receiver multi-canier filter bank ^are rotated witii the same phase shift 
depending on the frequency deviation estimate (f „ ). 

^ ofr,esr 

21. (Currendy Amended) A method according to claim 20, 
wherein 

said correction step (S5i)-further includes a correction step <eORft4^airied out 
upstream the receiver multi-cairier filter bank ^in which each received multi-carrier 
symbol is rotated witii a different phase shift depending on the frequency deviation 
estimate (f and the sample index (k) within the multi-carrier symbol. 

22. (Currently Amended) A metiiod according to claim 20, 
further including the steps of. 
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selecting-<^, on the basis of the N channel coefficients (C ), a number M of 

est 

Bub-caiTiers corresponding to the M channel coefficients (C^J having the largest absolute 
values, where M<N; and wherein 

determining-4S4:), on the basis of the M selected sub-caiiiers and their 
corresponding M channel coefficients (C^,), an estimate (f^ J of the frequency 
deviation (f^ introduced into the multi-carrier symbols. 

PLEASE ADD NEW CLAIMS AS FOLLOWS: 

23. {NEW} A receiver of a multi-carrier communication system, comprising 
reception means for receiving multi-carrier symbols transmitted from a transmitter via a 
transmission channel, a receiver multi>carrier filter bank for converting said multi-canier 
symbols into complex data symbols, a data symbol sink for receiving said data symbols 
and a frequency tracking device in accordance with claim 11. 

24. {NEW} A multi-carrier communication system, comprising at least one 
transmitter (TR) including a data symbol source generating complex data symbols, a 
transmitter multi-carrier filter bank for generating multi-carrier symbols from said 
complex data symbols and a transmission means for transmitting said multi-cairier 
symbols onto a transmission channel, and at least one receiver in accordance witii claim 
23. 

25. (New) A frequency tracking device according to claim 1. wherein the number 
of selected sub-carriers M is determined using die N channel coefficients estimated by 
the channel estimator, a noise bandwidtii for a loop gain in a phase locked of the 
corrector; a noise variance of additive noise; and, a variance of phase error. 
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26, (New) The frequency tracking device according to claim 1, wherein the 
number of selected sub-cauiers M is determined using 



2 " M^.=o|cjorK(or 

wherein 

C^(i) are the channel coefficients estimated by the channel estimator; 
d^(i) is transmitted data, mapped'on to subcarrier m; 

B^(a) is a noise bandwidth for a loop gain a in a PLL tracking scheme of the 
corrector; 

al is a noise variance of additive noise; and, 
<r^„ is a variance of the phase error. 

27, (New) The frequency tracking device according to claim 1, wherein the 
number of selected sub-caniers M is determined using 

2 o\ 1 
^'^tn («) w. T, ;r 

2 zK(oric«c«)r 

wherein 

CJi) are the channel coefficients estimated by the channel estimator; 
dj).) is transmitted data, mapped on to subcarrier m; 

B^(a) is a noise bandwidth for a loop gain a in a PLL tracking scheme of the 
corrector, 

o■„^ is a noise variance of additive noise; and, 
ly^rr is a variance of the phase error. 
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